Over the years, different experimental techniques have been employed to prepared activated carbon-metal oxide composite materials. However, some of these methods entail cutting-edge equipment and long processing time which may result in the destruction of the carbon structure. Electroless plating, which is a simple and efficient method, have been used to deposit nickel oxide nanoparticles on activated carbon prepared from oil palm shell (OPS) using microwave -assisted CO2 activation. The nanocomposites have been heated at various temperatures (300, 400 and 500 o C) for 1 and 2 h. The prepared activated carbon has BET surface area and total pore volume of 574.37 m 2 g -1 and 0.244 cm 3 g -1 , respectively. The optimum heat treatment temperature has been found to be 400 o C. Also, the weight percent composition of nickel has been shown to increase with increase in treatment time.
INTRODUCTION
Currently, extensive research on nickel oxide/carbon (NiO/C) nanocomposites have been on the increase due to their applications' prospect in a variety of areas such as adsorption and purification purposes [1] , production of fuel cells [2] , hydrogen storage purposes [3] and manufacture of sensors [4] and electrodes [5] . Many experimental techniques such as microwave assisted heating [6] , wet impregnation [7] , electrodeposition [8] , magnetron sputtering [9] , thermal evaporation [7] and co-precipitation [10] have been used to prepare carbon-metal composites. However, some of these methods entail cutting-edge equipment and extended processing periods which may result in the destruction of the carbon structure. Although, wet impregnation is the most widely used among these methods, however, it lacks good control of the morphology and particle size [3] . Conversely, electroless plating is an efficient route to deposit metal nanocomposite and produce a uniform coating with unique properties on a wide variety of substrates [11, 12] .
Electroless plating as a coating technique was developed by Abner Brenner and Grace E. Riddell of the National Bureau of Standards in 1946, and the first patent was assigned to them in 1950 [13, 14] . Electroless plating is an autocatalytic process involving the chemical reduction of aqueous metal ions coated to a base substrate without the passage of external current. Electroless deposition is a coating technique whereby the selective reduction of the metal ions take place only at the surface of a catalytic substrate dipped in an aqueous solution of the said metal ions [13] . The metal ions reduction in the solution and the film deposition is accomplished by the oxidation of the reducing agent present in the solution. From available literature, nickel deposition by hypophosphite may be represented by the following equations:
The structure, morphology, thickness and hardness of electroless nickel deposit are significantly affected by the deposition time and heat treatment [15] . Though there are reported studies on the effect of plating time and heat treatment on the corrosion behavior of electroless Ni-P coating [15, 16] , however, there is no literature on the effect of heat treatment on the characteristics of oil palm shell based-activated carbon-nickel oxide composites, to the best of our knowledge. Therefore, this study aimed at investigating how the characteristics of the AC-NiO nanocomposites prepared by electroless plating are affected by the heat treatment of the composites.
METHODOLOGY

Preparation of Activated Carbon
A two-step microwave-induced physical (CO2) activation was implemented for the production of activated carbon from oil palm shell (OPS). Carbonization of OPS took place in a microwave (1 kW, 2.45 GHz) at a temperature of 800 o C at a heating rate of 50 o C min -1 under N2 flow rate of 1 L min -1 for 20 min. The resultant char was activated at a temperature of 900 o C in a microwave at a heating rate of 50 o C min -1 under CO2 flow rate of 400 cm 3 min -1 for 40 min. The AC was cooled down to room temperature under N2 flow rate of 1 L min -1 . The asprepared AC was put in a sealed bottle and kept in a desiccator for further analysis.
Preparation of AC-NiO Nanocomposites
Activated carbon-nickel oxide (AC-NiO) nanocomposites were fabricated by electroless deposition of Ni on active carbon in an electroless nickel solution. All the reagents used were of analytical grade (AR grade). Sigma-Aldrich supplied all the reagents and were used as supplied devoid of any purification. The AC particles were dispersed in distilled water with ultrasonic cleaner (WiseClean) at 45 o C for 30 min prior to the electroless nickel plating. The AC particles were immersed in aqueous baths with the composition and deposition conditions as presented in Table 1 . The amount of AC used for the deposition was kept constant (1 g) [17] . The deposition time was kept at 1 h at the temperature specified in Table 1 . After plating, the samples were filtered and dried in the furnace at a temperature of 300, 400 and 500 o C at a heating rate of 15 o C/min and held for 1 and 2 h to obtain AC-NiO samples. After cooling down, the samples were put in bottles and labeled ACNiO-300-1, ACNiO-400-1, ACNiO-500-1 and ACNiO-300-2, ACNiO-400-2 and ACNiO-500-2, respectively.
Physiochemical Characterizations
The porosity of the AC was studied by conducting N2 adsorption-desorption isotherm measurements at -196 o C using a surface area porosimeter system (Micromeritics 3Flex 3.01). The surface organic structures of the composite samples were investigated using Fourier Transform Spectrophotometer with PerkinElmer instrument. The composition and surface morphology of the composites were studied by energy dispersive spectroscopy (EDS) (Oxford INCA 400) and fieldemission scanning electron microscopy (FESEM, HITACHI SU8020), respectively. The X-ray diffraction (XRD) patterns of the composites were performed using Rigaku diffractometer (SmartLab Thin Film) employing Cu Kβ radiation at 40 kV, 30 mA.
RESULTS AND DISCUSSION
Pore Structure Characterization of the AC
The N2 adsorption-desorption isotherm of the asprepared AC is depicted in Figure 1 , showing that the as-prepared AC is microporous material, evidenced by the Type I isotherm. The characteristics of the asprepared AC is shown in Table 2 . According to the data in the table, the microporous nature of the AC is further confirmed with micropore volume accounting for 81% of the total pore volume. 
Surface Chemistry Characterization Studies of AC-NiO nanocomposites
The FTIR spectroscopy is a versatile technique used to monitor changes in the surface functional groups of the composite materials. Figure 2 shows the FTIR spectra of AC-NiO composite samples. As shown in the figure, the FTIR spectra of the samples calcinated for 1 h show similar absorption bonds but with varying degree of intensity. The same thing goes for the samples calcinated for 2 h. A broad peak around 3436 cm -1 was observed in all the samples treated for 1 h. The absorption peak at 3436 cm -1 is ascribed to O-H stretching vibration mode of the hydroxyl functional group. The relative intensity of the peak at 3436 cm -1 was lower in the samples treated for 2 h.
The presence of a peak at 3742 cm -1 , in the samples treated for 2 h, is ascribed to free O-H group. In samples treated for 1 h, the C-H stretching peaks at 2920 and 2856 cm -1 indicate the reduction of -COOH groups on the surface of activated carbon [18] , whereas in samples treated for 2 h the band is shifted to 3016 cm -1 with high intensity. In the region of 1400-1700 cm -1 , two peaks located at 1632 and 1401 cm -1 could be observed in the spectra of the samples calcinated for 1 h, whereas in the samples calcinated for 2 h, the spectra show additional one peak located at 1692 cm-1. The peaks around 1560 cm -1 are related to the carboxylate anion stretch mode [19] . The peaks around 1077 cm -1 are attributed to oxygen functional groups such as C-O stretching of the carboxylic group [20] . In the FTIR spectra of the ACNiO-500-1, ACNiO-400-2 and ACNiO-500-2, two major peaks located at 470 and 568 cm -1 are observed in the region of 600-400 cm -1 , whereas only one peak located at 568 cm -1 is observed in the ACNiO-300-1, ACNiO-400-1 and ACNiO-400-2 FTIR spectra. The absorption bonds at 470 and 568 cm -1 can be ascribed to the Ni-O stretching vibration, thus confirming the formation of pure NiO nanoparticles. Figure 3 depicts the FESEM images of the electroless AC-NiO composites with various heat treatment "temperature and time". It is clearly observed that the morphology is flake-like with porous open channels within the flake morphology. A close observation of the FESEM images indicates that flaky morphology grows rapidly with increment in the heat treatment temperature, similar to observation by Jahromi et al. [21] . The corresponding EDS spectra are shown in Figure 4 . The peaks of Ni observed in the EDS data confirmed the existence of Ni in the nanocomposites.
Microstructure of AC-NiO Nanocomposites
The EDS spectra show the elemental composition of the nanocomposites revealing the presence of nickel and traces of phosphorous which comes from the sodium hypophosphite used as reducing agent in the electroless nickel solution. The amounts of Ni, C, O and P elements on the surface of the nanocomposite samples by mass fraction are presented in Table 3 . From the table, samples ACNiO-400-1 and ACNiO-400-2 have higher Ni mass fraction among the samples treated for 1 h and 2 h, respectively. These results are in agreement with the largely recognized optimal heat treatment regime of 400 o C [22] . Furthermore, Table 3 illustrates that the Ni mass fraction increases with increasing in calcination time. 
3.4
Crystalline-phase Analysis of AC-NiO Nanocomposites Figure 5 shows the XRD patterns of the AC-NiO nanocomposite samples heated at various temperatures and time. From the figure, it can be observed that the samples calcinated at 300 and 400 o C for 1 h and the sample calcinated at 300 o C for 2 h show no diffraction peak due to nickel oxide loading just like the activated carbon substrate. Thus indicating that the nickel oxide was in an amorphous state. On the other hand, the sample treated at 500 o C for 1 h and the samples calcinated at 400 and 500 o C for 2 h, all clearly show the diffraction peaks at 2 = 37. (222), respectively. All the identified peaks can be assigned to the cubic phase of NiO (JCPDS card no 00-004-0835). Also, the results show that the samples are phase-pure of NiO with no impurity peaks. The results are similar to the result obtained by Wang et al. [5] . Furthermore, the results show that the intensity increases with increasing in the calcination temperature and time, signifying that better crystallinity of NiO are formed at a higher temperature. This can be attributed to the decreasing carbon content. High carbon content suppresses crystallite growth [10] . 
Effect of Heat Treatment Conditions on the BET Surface Area of the AC-NiO Samples
The BET surface area of the AC-NiO samples is presented in Table 4 . According to the data in Table  4 , the BET surface area of the samples decreases with the increase in the calcination temperature and time with respect to the BET surface area of the asprepared activated carbon (OPSAC). At low temperature of 300 o C and time 1 h, the effect is not significant, but as the calcination temperature and time increase, there is progressive widening and merging of pores resulting in the development of more mesopores and attendant lower BET surface area. 
CONCLUSION
Heat treatment usually carried out to accomplish the electroless deposition has been found to have a significant effect on the structure of the deposit. It has been observed that the flaky morphology structure of the composite grows rapidly with an increase in the heat treatment temperature. The weight percent composition of the nickel was found to increase with increasing of the treatment time.
